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Supplementary Material 
 
 
Supplementary Figure 1. A, Quantile-quantile (QQ) plot illustrating the -Log10(observed p value) (Observed) to the -Log10(expected p 
value) (Expected). B, Manhattan plot showing the distribution of p values from the paired comparison of 24 monozygotic twin pairs at age 
10 who were discordant for psychotic symptoms at age 12, with the top 4 ranked differentially methylated positions (DMPs) shown in red 
and identified in the plot.  
Fisher, Murphy et al. 
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Supplementary Table 1. The top 100 ranked DMPs at age 10 in monozygotic twin pairs discordant for psychotic symptoms at age 12 
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Supplementary Table 2. Top ten ranked DMPs at age 10 adjusted for internalizing and externalizing problems at age 10 and depressive 
symptoms at age 12. 
Probe ID Mean  P value 
cg23933044 -0.037 1.74E-06 
cg14133557 0.051 2.22E-06 
cg04661436 0.042 6.47E-06 
cg11518839 -0.047 7.48E-05 
cg16508913 0.065 4.72E-05 
cg19115205 0.027 4.90E-05 
cg05764011 -0.024 0.00011 
cg26403608 -0.082 6.80E-05 
cg04576398 0.045 6.55E-05 
cg16991886 0.014 0.00015 
 
Note. , difference in DNA methylation; DMP, differentially methylated position. 
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Supplementary Table 3. Gene Ontology (GO) enrichment analysis of top ranked age 10 DMPs. 
GO Accession ID GO Function Ontology P value 
GO:0002335 mature B cell differentiation BP 0.0002 
GO:0051966 regulation of synaptic transmission,  glutamatergic BP 0.0034 
GO:0017147 Wnt-protein binding MF 0.0037 
GO:0042976 activation of Janus kinase activity BP 0.0037 
GO:0071305 cellular response to vitamin D BP 0.0043 
GO:0007163 establishment or maintenance of cell polarity BP 0.0045 
GO:0051649 establishment of localization in cell BP 0.0050 
GO:0016310 phosphorylation BP 0.0054 
GO:0071295 cellular response to vitamin BP 0.0055 
GO:0016773 phosphotransferase activity,  alcohol group as acceptor MF 0.0058 
GO:0031175 neuron projection development BP 0.0064 
GO:0050804 regulation of synaptic transmission BP 0.0064 
GO:0051168 nuclear export BP 0.0067 
GO:0042220 response to cocaine BP 0.0068 
GO:0017046 peptide hormone binding MF 0.0069 
GO:0030165 PDZ domain binding MF 0.0073 
GO:0016226 iron-sulfur cluster assembly BP 0.0074 
GO:0031163 metallo-sulfur cluster assembly BP 0.0074 
GO:0006107 oxaloacetate metabolic process BP 0.0075 
GO:0033209 tumor necrosis factor-mediated signaling pathway BP 0.0092 
GO:0016301 kinase activity MF 0.0094 
GO:0004715 non-membrane spanning protein tyrosine kinase activity MF 0.0116 
GO:0046907 intracellular transport BP 0.0121 
GO:0032892 positive regulation of organic acid transport BP 0.0125 
GO:0009081 branched-chain amino acid metabolic process BP 0.0129 
GO:0004713 protein tyrosine kinase activity MF 0.0134 
GO:0045664 regulation of neuron differentiation BP 0.0136 
GO:0071356 cellular response to tumor necrosis factor BP 0.0142 
GO:0051955 regulation of amino acid transport BP 0.0143 
GO:0006641 triglyceride metabolic process BP 0.0146 
Fisher, Murphy et al. 
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GO:0007215 glutamate receptor signaling pathway BP 0.0146 
GO:0051287 NAD binding MF 0.0147 
GO:0004672 protein kinase activity MF 0.0150 
GO:0071229 cellular response to acid chemical BP 0.0150 
GO:0030098 lymphocyte differentiation BP 0.0150 
GO:0006468 protein phosphorylation BP 0.0157 
GO:0010975 regulation of neuron projection development BP 0.0159 
GO:0007216 G-protein coupled glutamate receptor signaling pathway BP 0.0167 
GO:0031503 protein complex localization BP 0.0170 
GO:0045822 negative regulation of heart contraction BP 0.0178 
GO:0033280 response to vitamin D BP 0.0180 
GO:0090330 regulation of platelet aggregation BP 0.0181 
GO:0031670 cellular response to nutrient BP 0.0183 
GO:0017146 N-methyl-D-aspartate selective glutamate receptor complex CC 0.0185 
GO:0008028 monocarboxylic acid transmembrane transporter activity MF 0.0188 
GO:0006639 acylglycerol metabolic process BP 0.0189 
GO:0006638 neutral lipid metabolic process BP 0.0193 
GO:0034451 centriolar satellite CC 0.0194 
GO:0016482 cytoplasmic transport BP 0.0200 
GO:0048505 regulation of timing of cell differentiation BP 0.0219 
GO:0042813 Wnt-activated receptor activity MF 0.0222 
GO:0007271 synaptic transmission,  cholinergic BP 0.0222 
GO:1902582 single-organism intracellular transport BP 0.0224 
GO:0048666 neuron development BP 0.0229 
GO:0051954 positive regulation of amine transport BP 0.0229 
GO:0040034 regulation of development,  heterochronic BP 0.0230 
GO:2000310 
regulation of N-methyl-D-aspartate selective glutamate 
receptor activity BP 0.0234 
GO:0035249 synaptic transmission,  glutamatergic BP 0.0236 
GO:0038083 peptidyl-tyrosine autophosphorylation BP 0.0237 
GO:1901135 carbohydrate derivative metabolic process BP 0.0240 
GO:0050767 regulation of neurogenesis BP 0.0241 
GO:0050806 positive regulation of synaptic transmission BP 0.0247 
GO:0033036 macromolecule localization BP 0.0254 
Fisher, Murphy et al. 
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GO:0005085 guanyl-nucleotide exchange factor activity MF 0.0255 
GO:0034612 response to tumor necrosis factor BP 0.0260 
GO:0051960 regulation of nervous system development BP 0.0264 
GO:0042562 hormone binding MF 0.0270 
GO:0042744 hydrogen peroxide catabolic process BP 0.0272 
GO:0051968 positive regulation of synaptic transmission,  glutamatergic BP 0.0282 
GO:0006888 ER to Golgi vesicle-mediated transport BP 0.0282 
GO:0030426 growth cone CC 0.0284 
GO:0060999 positive regulation of dendritic spine development BP 0.0294 
GO:0016772 
transferase activity,  transferring phosphorus-containing 
groups MF 0.0297 
GO:0018108 peptidyl-tyrosine phosphorylation BP 0.0298 
GO:0048103 somatic stem cell division BP 0.0307 
GO:0018212 peptidyl-tyrosine modification BP 0.0309 
GO:0030427 site of polarized growth CC 0.0312 
GO:0060284 regulation of cell development BP 0.0314 
GO:0030183 B cell differentiation BP 0.0317 
GO:0008104 protein localization BP 0.0320 
GO:0021683 cerebellar granular layer morphogenesis BP 0.0333 
GO:0002028 regulation of sodium ion transport BP 0.0335 
GO:0042659 regulation of cell fate specification BP 0.0337 
GO:0031669 cellular response to nutrient levels BP 0.0339 
GO:0002521 leukocyte differentiation BP 0.0340 
GO:0034110 regulation of homotypic cell-cell adhesion BP 0.0342 
GO:0032855 positive regulation of Rac GTPase activity BP 0.0346 
GO:0006369 termination of RNA polymerase II transcription BP 0.0347 
GO:0007270 neuron-neuron synaptic transmission BP 0.0352 
GO:0030850 prostate gland development BP 0.0358 
GO:1901605 alpha-amino acid metabolic process BP 0.0359 
GO:0060359 response to ammonium ion BP 0.0364 
GO:0009118 regulation of nucleoside metabolic process BP 0.0364 
GO:0048708 astrocyte differentiation BP 0.0370 
GO:0004683 calmodulin-dependent protein kinase activity MF 0.0375 
GO:0021681 cerebellar granular layer development BP 0.0393 
Fisher, Murphy et al. 
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GO:0033218 amide binding MF 0.0394 
GO:0071837 HMG box domain binding MF 0.0395 
GO:0017112 Rab guanyl-nucleotide exchange factor activity MF 0.0408 
GO:0022904 respiratory electron transport chain BP 0.0418 
GO:0032526 response to retinoic acid BP 0.0419 
GO:0042063 gliogenesis BP 0.0425 
GO:0019637 organophosphate metabolic process BP 0.0429 
GO:0048167 regulation of synaptic plasticity BP 0.0436 
GO:0006120 mitochondrial electron transport,  NADH to ubiquinone BP 0.0447 
GO:0071300 cellular response to retinoic acid BP 0.0451 
GO:0007398 ectoderm development BP 0.0453 
GO:0046128 purine ribonucleoside metabolic process BP 0.0453 
GO:0021510 spinal cord development BP 0.0453 
GO:0022900 electron transport chain BP 0.0454 
GO:0010656 negative regulation of muscle cell apoptotic process BP 0.0455 
GO:0006968 cellular defense response BP 0.0457 
GO:0009950 dorsal/ventral axis specification BP 0.0460 
GO:0007622 rhythmic behavior BP 0.0461 
GO:0019221 cytokine-mediated signaling pathway BP 0.0467 
GO:0030279 negative regulation of ossification BP 0.0467 
GO:0006903 vesicle targeting BP 0.0471 
GO:0042278 purine nucleoside metabolic process BP 0.0473 
GO:0043087 regulation of GTPase activity BP 0.0474 
GO:0032319 regulation of Rho GTPase activity BP 0.0479 
GO:0030010 establishment of cell polarity BP 0.0479 
GO:0033124 regulation of GTP catabolic process BP 0.0481 
GO:0051539 4 iron,  4 sulfur cluster binding MF 0.0485 
GO:0009205 purine ribonucleoside triphosphate metabolic process BP 0.0485 
GO:0042113 B cell activation BP 0.0486 
GO:0009119 ribonucleoside metabolic process BP 0.0490 
GO:0009199 ribonucleoside triphosphate metabolic process BP 0.0495 
GO:0001101 response to acid chemical BP 0.0496 
 
Note. BP, Biological Processes; CC, Cellular; DMPs, differentially methylated positions; MF, Molecular Function. 
Fisher, Murphy et al. 
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Supplementary Table 4. Details of post-mortem prefrontal cortex brain samples. 
Sample SZ Control Total P value 
LBBND 
  Number 20 23 43 
 
  Sex (male:female) 11:09 17:06 28:15 0.19 
  Age at death (years) 62.1± 15.87 62 ± 18.74 62.05 ± 17.26 0.99 
  Total brain weight (g) 1359± 150 1465 ± 197.8 1420 ± 182 0.07 
  pH 6.64 ± 0.28 6.49 ± 0.33 6.56 ± 0.31 0.13 
DBCBB 
    
  Number 18 15 33 
 
  Sex (male:female) 15:03 13:02 28:05 0.79 
  Age at death (years) 45.5 ± 16.6 42.3 ± 14.8 44.0 ± 15.7 0.28 
  Total brain weight (g) 1432 ± 188 1463 ± 175 1447 ± 179 0.32 
  pH 6.6 ± 0.28 6.48 ± 0.33 6.54 ± 0.31 0.13 
 
Note. Schizophrenia (SZ) cases and controls are matched (Chi-Squared test [for sex] or t-test P value>0.05) for all variables. DBCBB, Douglas 
Bell-Canada Brain Bank; g, grams; LBBND, London Brain Bank for Neurodegenerative Disorders. 
Fisher, Murphy et al. 
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Supplementary Table 5. The top 100 ranked DMPs at age 5 for monozygotic twins discordant for psychotic symptoms at age 12 
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Supplementary Table 6.  The top 100 ranked CpG sites which show changes in DNA methylation levels between age 5 and age 10 in the 
monozygotic twins discordant for age-12 psychotic symptoms 
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Supplementary Table 7. Gene Ontology (GO) enrichment analysis of longitudinal DMPs between age 5 and age 10 
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Note. BP, Biological Processes; CC, Cellular; DMPs, differentially methylated positions; MF, Molecular Function. 
